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Abstract

This research presents a prediction model to evaluate the association between

gender, race, BMI, age, smoking, kidney disease and diabetes using logistic re-

gression. Data were collected from NHANES datasets from 2007 to 2016. An

unbalanced sampling dataset of 19.709 with (83%) non-hypertensive individ-

uals and (17%) hypertensive individuals. Some risk factors were categorized,

and indicator variables were created to transform the continuous variables to a

binary form to have consistent predictors with the outcome. The results show

a sensitivity of 77%, a specificity of 68%, precision on the positive predicted

value of 32% in the test sample and a calculated AUC of 73%. The model

also confirms that individuals with obesity, age range between 71 and 80 years

old, race non-Hispanic black and male have higher odds of having hypertension.

Diabetes, kidney disease and smoking habits do not affect odds of the outcome.
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1. Introduction

Machine Learning methods have shown the potential to improve outcomes

in many domains of research. Health monitoring, patterns recognition, text

analytics, knowledge discovery and web semantic analysis are just some domains

of action, and Sophisticated and powerful Machine Learning algorithms are5

already well understood and accessible (Hijazi et al., 2016). According to the

definition of Machine Learning “The field of study that gives computers (or

machines) that ability to learn without being explicitly programmed” (Samuel,

1959), transforming complex tasks or problems in easily resolvable algorithms,

allow us to implement solutions for a variety of situations were learning from10

data is the primary goal. Supervised machine learning algorithms have been

used in traditional disease risk models (Chen et al., 2017) for patients with

specific conditions and the use of large amounts of data available allows to

improve the accuracy of the classification models(Frunza et al., 2011). The

use of Logistic regression has increased rapidly nowadays in biometrics, and15

clinical research to classify data efficiently (Song et al., 2017) and Hypertension

condition is one of the cardiovascular diseases where logistic regression with a

binary outcome can be applied.

World Health Organization estimates that 40 million deaths occurred due

to noncommunicable diseases in the world in 2015, the majority of those deaths20

were caused by the cardiovascular disease with 17.7 million (World Health Orga-

nization, 2017). In the United States, cardiovascular disease is the leading cause

of death despite the existence of effective and inexpensive treatments (National

Center for Health Statistics, 2017). In 2015 the number of deaths in adults

due to conditions of heart based on death certificates was 63,3164 deaths in25

adults of 20 years old and over. Hypertension or high blood pressure is one

of the most critical risk factors for cardiovascular disease among U.S. adults

(Nwankwo et al., 2013) and, it has significant public and economic implications.

The health care expenditure associated with high blood pressure in 2011 in
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the US were $46 billion, and the projected total cost for 2030 is $274 billion30

(Mozaffarian & Benjamin, 2015).

The prevalence of hypertension in the U.S. adults population is high and

increasing in recent years as can be seen in the National Health and Nutrition

Examination Survey (NHANES) conducted by the National Center for Health

Statistics. This survey has been the main source of tracking the burden of hy-35

pertension in the U.S. population (Committee on Public Health Priorities to Re-

duce and Control Hypertension in the U.S. Population., 2010). This increment

in hypertensive population probably shows us that the current approaches to

predict cardiovascular disease fail to identify people who would benefit from pre-

ventive hypertensive treatment. The use of machine learning tools in medicine40

has proven significant outcomes in clinical decision support and patient care,

specifically in hypertension diagnosis (Kublanov et al., 2017). For this reason,

this research in collaboration with clinical experts will present the use of several

factors to create an accessible and interpretable logistic regression prediction

model to classify hypertensive patients and study the relevance of each vari-45

able in the presence of the others using national health data from the National

Health and Nutrition Examination Survey NHANES. The risk variables were

selected after reviewing a compressive review of studies describing equations to

predict hypertension (Echouffo-Tcheugui et al., 2013).

The structure of this paper is as follows: Section 2 presents related work and50

literature research of several risk models that used machine learning. In section

3, we describe the development of the machine learning model, describing the

studied population and the data source, and validation of the model. Section 4

presents the statistical and clinical analysis of the outcomes. Section 5 discusses

the results of the model and its limitations. Finally, section 6 covers conclusions55

and future work.
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2. Related work

We conducted a literature research to identify several risk models that have

used machine learning techniques to predict the occurrence of hypertension

among different populations. Muhamad Amir (Ahmad et al., 2014) shows that60

age, BMI, and systolic blood pressure were significantly related to hypertension

and the AUC calculated was 71.8%. Another study, performed by the depart-

ment of community medicine in Kathmandu medical college (Manandhar, 2016),

found a significant association between the variables age, smoking, religion, oc-

cupation, alcohol consumption and family history of hypertension while sex,65

education status and exercise were found to be insignificant. In China, a study

was developed and found that age, Fasting Plasma Glucose (FPG), the number

of people for dinner, alcohol consumption, illiterate and smoking are risk fac-

tors for hypertension (Zheng et al., 2013). Other studies in the University of

medical sciences in Tehran, Iran examined distinct patterns of metabolic risk70

factors and their association with cardiovascular disease risk (Ramezankhani

et al., 2017). This study found BMI, Fasting Plasma Glucose (FPG), high total

cholesterol (TC) and low glomerular filtration rate (GFR) to have a significant

association with hypertension. Another study performed in Nigeria in the de-

partment of mathematical and physical sciences (Olubiyi, 2013) shows that just75

age had a meaningful relationship with hypertension. A Swedish risk model

(Fava et al., 2013) used logistic regression to study anthropometric, anamnestic

and metabolic features and their association with the prevalence of hypertension.

Age, sex, BMI, and heart rate were highly significantly associated with hyper-

tension, other variables, such as glycolipids parameters and other anamnestic80

elements were included in the model, and the association was somewhat atten-

uated but remained significant. The area under the curve for this study was

66%. A hypertension risk score was developed in the department of medicine,

UNC Kidney Center and Division of Nephrology and Hypertension, School of

Medicine in the U.S. (Kshirsagar et al., 2010) to determine which demographic85

and medical variables predict and evaluate the development of hypertension.
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Age, smoking, family history of hypertension, the presence of diabetes and BMI

were associated with developing hypertension. Female sex, family history of

diabetes, and exercise did not reach a general significant level of p≤0.05 with

an AUC of 75% to 78% in the testing sample. Machine learning has been widely90

used in recent years with medical data for medical discovery and detection of

patterns in complex diseases (Seffens et al., 2015). These studies show that

by using supervised machine learning algorithms, we can build a classification

model to perform risk assessments for hypertension with acceptable levels of

accuracy. Our model uses age, gender, ethnicity, BMI, smoking history, kidney95

disease and diabetes as categorical variables with values at the same range to

reduce the scale difference between them while all other models used a combina-

tion of categorical and continuous variables. Neither one of the studied models

used the groups of independents variables used in this research and investigated

their significance with Hypertension without including systolic blood pressure100

and diastolic blood pressure. In the final analysis, we can observe a clear rela-

tionship between these non invasive independent variables and their significance

with the outcome.

3. Model Development and Validation

We have applied the logistic regression classification model in this paper, and105

we will discuss and analyze how the model has been implemented and evaluated.

3.1. Data Source

We utilized The National Health and Nutrition Examination Survey (NHANES)

datasets from NHANES 2007-2008 to NHANES 2015-2016. Demographic vari-

ables, examination data like blood pressure and body measures and question-110

naire data including questions related to diabetes, smoking cigarette use and

kidney conditions. NHANES data was released as SAS transport files and im-

ported for the study by using xport 2.0 Python reader.

5



3.2. Study Population and Analysis

Data of the National Health and Nutrition Examination Survey (NHANES),115

collected during 2007 - 2016, were used to train and test the prediction model.

This model was created to evaluate the importance of the risk factor variables

and their relationship with the prevalence of hypertension among a nationally

representative sample of adults ≥ 20 years in the United States (n=19,799).

Table 1. shows the distribution of the samples by hypertensive patients, gender120

and race after the data cleaning process where only records with non-null values

where used.

Table 1: Number of samples by Hypertensive class, gender and race.

3.3. Risk Factor variables

Based on the Healthy People initiative of the Office of Disease Prevention

and Health Promotion to improve cardiovascular health and reduction in deaths125

from cardiovascular disease, the leading controllable risk factors for heart dis-

ease are high blood pressure, high cholesterol, cigarette smoking, diabetes, un-
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healthy diet and physical inactivity, and overweight and obesity (Mozaffarian

& Benjamin, 2016). For this study, blood pressure was used to create the di-

chotomous dependent variable for the model; where hypertension is defined as130

a mean systolic blood pressure of 140 mmHg. The independent variables or

features selected were Age, Race, Body Mass Index (BMI), cigarette smoking,

kidney disease presence and diabetes. Kidney disease was not present in the

Healthy People Initiative for heart disease and stroke, but the kidney plays a

key role in keeping the blood pressure in a normal range (Tedla et al., 2011).135

Awareness of chronic kidney disease (CKD) was defined as “yes” response to

the question “Have you ever told by a health care provider you have weak or

failing kidneys?” during the interview, and for NHANES 2015-2016, CKD was

defined as a glomerular filtration rate (GFR) ≤ 60 ml/min/1.73 m2 (Miller,

2009) and albumin-creatinine ratio ≥ 30 mg/g (Center for Disease Control and140

Prevention, 2015). Participant were considered to have diabetes if they an-

swered “Yes” or “Borderline” to the question “Doctor told you have diabetes?”

(U.S. Department of Health and Human, 2005). Cigarette smokers were defined

as adults who reported having smoked ≥ 100 cigarettes during their lifetime

and who currently smoke every day or some days (Centers for Disease Control,145

2016). Age and BMI were categorized and transformed from continues vari-

ables to Categorical variables to help understand the real relationship between

the variables and to reduce the scale difference between them. Table 2. shows

all the independent variables selected.

3.4. Machine Learning Model150

Machine learning models have contributed to a lot of improvements in epi-

demiological studies and patient care (Nilashi et al., 2017). Logistic regression

classification analysis was used in this paper to investigate the relationship be-

tween the independent variables described above and the dependent variable

hypertension. The implementation of this risk prediction models will be valu-155

able for the identification of individuals at risk of developing hypertension based

on the risk factors presented in the Healthy People initiative and the association
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Table 2: Risk factor variables and the dependent variable.

and significance between the variables.

Logistic Regression is used to assess the probability of having hypertension or

not as a function of risk factors. The most useful way to model this relationship160

is expressed by the logit function. The logit function is also called the link

function because it links the value of the independent variables to the probability

of occurrence of the event defined by the dependent variable (Sainani, 2014).

logit(p) = ln(
p

1 − p
) = β0 + β1X1 + β2X2 + ...+ βiXi

we can express the chance of success as:

p =
e(β0+β1X1+β2X2+...+βiXi)

1 + e(β0+β1X1+β2X2+...+βiXi)
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Where p is the predicted probability of having hypertension, Xi are the risk165

factors or independent variables, βi are the coefficients that will be estimated by

using the method of maximum likelihood and will allow us to calculate the odds

that for every unit increase in Xi, the odds of having hypertension changes by

eβ . The estimation of the parameters intercept and coefficients will be obtained

using the logistic regression model in the package sklearn of Python programing170

language(Pedregosa et al., 2012). Once the coefficients have been estimated, we

can calculate the probability of an individual having hypertension as:

p =
e(β0+β1gender+β2age+β3race+β4bmi+β5kidney+β6smoke+β7diabetes)

1 + e(β0+β1gender+β2age+β3race+β4bmi+β5kidney+β6smoke+β7diabetes)

3.5. Logistic Regression Classifier

As explained in the previous section the probabilities describing the possible

outcomes are modeled using a logistic function. We have used the implementa-175

tion of logistic regression in scikit-learn from Python to fit a binary, multivari-

able logistic regression that uses the LIBLINEAR classification algorithm (Fan

et al., 2008) and predicts the positive class. The cost function that is minimized

by the L2 penalized logistic regression problem and implements a trust region

Newton method (Lin et al., 2008) is:180

min
w,c

1

2
wTw + C

n∑
i=1

log(exp(−yi(XT
i w + b)) + 1)

Where C is the regularization strength, smaller values specify stronger reg-

ularization. These hyper-parameters where determined by using a grid search

and two-fold cross-validation on the sampling data set.

3.6. Variables selection

The process of selecting variables for the final model is important to in-185

clude risk factors with a significant relationship with the dependent variable.

However, clinical importance has also been relevant in addition to the statisti-

cal significance to select the final independent variables included in the model.

We have examined the p-value associated with each variable, and if it was less
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than the level of significance (0.05) (Uriel, 2013), it could be concluded that190

the parameter is significant for our classification model (Skelly, 2011). Mostly,

the significance level of a test is the probability of making a Type I error, and

common values for this significance level in clinical research are 0.10, 0.05 and

0.01. Level of significance of 5% or 0.05 is most commonly used in medicine

by consensus of researchers. We have computed chi-squared between each in-195

dependent variable, and the dependent variable by using Chi2 from the sklearn

feature selection package to indicate the strength of evidence that there are some

association (Mchugh, 2013), and Table 3 shows the result of this test on the in-

dependent variables and Table 4 shows the p-values and score for the indicator

variables and the variable baseline or reference variable. Indicator variables200

have been added to the model to represent better the categorical variables as

the binary logic of the predictors is more consistent with the binary outcome

and decision making (Garavaglia et al., 1998). The indicator variables provide

valuable information about the categories of the independent variables and tend

to increase the probability of events, resulting in a more powerful and stable205

model. For our model, in order to eliminate the redundancy or multicollinearity

generated by the indicator variables, we have eliminated the first indicator vari-

able in some cases, and the variable with the indicator ”No” in others. These

variables will be our reference variables.

Table 3: Chi2 test and p-value for the independent variables

As is shown in Table 3 and Table 4 and based on the probability value of210
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each variable, the null hypothesis is rejected for any 0.05 ≥ p-value, while the

null hypothesis is not rejected when 0.05 < p-value.

Table 4: Chi2 test and p-value for all Indicator variables and the baseline for the model

Even though the p-values for the variables GENDER, BMIRANGE 1, BMI-

RANGE 3, and KIDNEY 2 are not statistically significant at 0.05 level of signif-

icance, the clinical importance of these variables in the model for interpretation215

allows us to include them. We have run the model with the variables and with-

out them, and there were no significant changes in the accuracy score, positive

predicted value rate, and true positive rate.

3.7. Model Training

The study population (19,759) was split into a training dataset and a test220

dataset. The training dataset was derived from a random sampling of 70%

(13,831) of the extracted study population and the test sampling the remaining

30% (5,928). We ran the logistic regression model on the entire data set in order
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to verify the accuracy score of the model. The model accuracy score was 69%

(mean accuracy on the given dataset and class labels) with a number of correct225

predictions of 13,632. This accuracy score is based on the Jaccard similarity

coefficient score (Seifoddini & Djassemi, 1991). The Jaccard similarity is used

for comparing the similarity and diversity of sample sets and is defined as the

size of the intersection divided by the size of the union of the sample sets. After

this initial evaluation of the model with the entire dataset, we will train and230

evaluate the model with the 30% test sampling specified before and the accuracy

score was 70% with a number of correct predictions of 4,170. Due that we have

an imbalance dependent variable, we have calculated the theoretical accuracy

of random guessing on a two-classification problem of 72% that is expressed by:

P (ŷ = y) = P (ŷ = 1)P (y = 1) + P (ŷ = 0)P (y = 0)

Because of the imbalance of the independent variable, and the results of the235

model accuracy for the entire sample and the test sample no being better than

the random guessing, we have avoided using the accuracy score to evaluate the

performance of the model. As a result, we need to prove that the model we

built is significantly better than random guessing. ROC AUC Score, confusion

matrix, and classification report will be used to evaluate the model.240

3.8. Model Evaluation

After splitting the data into a training set and a testing set, we have gener-

ated some evaluation metrics to evaluate our classifier. In Figure 1, the confusion

matrix shows the tabular classification results summary of the actual dependent

variable or class label vs. the predicted ones. True positive value (730), True245

Negative value (3407), False Negative (216) and False Positive value (1575).

In Figure 2, the classification report for our classifier shows the calculated

precision or positive predicted value, the sensitivity or recall and the harmonic

mean of precision and sensitivity. The low precision of the hypertensive class

value is due to the large number in the false positives category of the confusion250

matrix, the sensitivity of the model is acceptable, and this is reflected in the
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Figure 1: Classifier Confusion Matrix

low number of false negatives, and the values of the F measure indicates the

balance between the precision and the sensitivity.

Figure 2: Classification Report

The confusion matrix and the classification report allowed us to see the

errors in the predictions for the test data and the exactness (precision) and255

completeness(recall) of our model.

We have also calculated the performance of our binary classifier by comput-

ing the receiver operating characteristic curve (ROC Curve) (Yang et al., 2017).

It was created by plotting the true positive rate (0.7716) vs. the false positive

rate (0.3161) at various threshold settings. The calculated AUC was 0.73 or260

73%, and it is interpreted as the probability that the classifier will assign a

higher score to a randomly chosen positive example than to a randomly chosen

negative example (Tom, 2005).
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Figure 3: ROC Curve

3.9. Predicting the Probability

Our model can be used to estimate the probability that a person will belong265

to the hypertensive or non-hypertensive class depending on the values of all

the independent variables. Using the equation described before to calculate the

probabilities of an individual having hypertension:

p =
e(β0+β1gender+β2age+β3race+β4bmi+β5kidney+β6smoke+β7diabetes)

1 + e(β0+β1gender+β2age+β3race+β4bmi+β5kidney+β6smoke+β7diabetes)

we can define each variable as:

gender1 =

 1 if ith person is male

0 if ith person is female



gender2 =

 1 if ith person is female

0 if ith person is male



Kidney1 =

 1 if ith person has CKD

0 if ith person do not have CKD
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Kidney2 =

 1 if ith person do not have CKD

0 if ith person is have CKD


270

If we want to predict the probability of an individual female, of 35 years

old, Non-Hispanic white, overweight, with no CKD, no smoking, and borderline

diabetes. The values of the variables are:

gender2(0)

agerange2(1) agerange3(0) agerange4(0) agerange5(0) agerange6(0)

race2(0) race3(1) race4(0) race5(0)

bmirange2(0) bmirange3(1) bmirange4(0)

kidney2(1)

smoke2(1)

diabetes2(0) diabetes3(1)

275

And, our prediction model after rearranging the equation based on the co-

efficients shown in Table 5 will be:

p =
e(−0.01996732−0.742861−0.199558−0.083449−0.060981−0.027108+0.068509)

1 + e(−0.01996732−0.742861−0.199558−0.083449−0.060981−0.027108+0.068509)

Thus, the predicted probability of having hypertension for our test individual

will be:

p =
0.387

1.052
= 0.37 = 37%

Then we compare this value with our chosen threshold of 0.5:280

p(HavingHypertension = Y es) > 0.5

For this reason, 0.37 > 0.5 is False, and we can conclude that the individual

is not hypertensive for our model.
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4. Syntheses and Analysis

Statistical and clinical assessment is important to validate the feasibility and

effectiveness of the model. We will discuss the statistical and clinical analysis285

of the results.

4.1. Statistical Analysis

The test sampling of 5,928 individuals contains 4,982 (84%) non-hypertensive

individuals and 946 (16%) hypertensive individuals. The model yields a sensitiv-

ity of 730/946 = 77% (positives that were correctly identified) and a specificity290

of 3407/4982 = 68% (negatives that are correctly identified). The precision of

the model or the positive predicted value was 730/2305 =32% and the negative

predicted value 3407/3623 =94%. The miss rate or false negative rate of the

model was 216/946 = 22% and a fall out rate or false positive rate of 1575/4982

= 31%. The false discovery rate or probability of false alarm of the model was295

68%, and the likelihood ratio for negative individuals was 6%. The miss rate

and the fall out rate are not very costly for our model due to the imbalance

of the sampling. Our model was better at identifying individuals who will not

develop hypertension than those that will develop hypertension.

4.2. Clinical Analysis300

After calculating the coefficients for each dichotomous independent variable

as shown in Table 5, we have converted this estimates onto the odds ratio scale by

exponentiating the coefficient estimate eβ . In logistic regression the odds ratio

represents the constant effect of an independent variable X, on the likelihood

that one outcome will occur (Persoskie & Ferrer, 2017). This constant effect305

can be demonstrated by a general model:

Suppose we have a k independent variable model where k>2 and the variables

are binary or continuous:

log(
p

1 − p
) = log odds of disease = β0 + β1x1 + β2x2 + ...+ βkxk

Now, we fix values of x2, x3, ..., xk, and we get:
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log odds of disease for x1 = c : eβ0+β1c+β2x2+...+βkxk

310

x1 = c+ 1 : eβ0+β1(c+1)+β2x2+...+βkxk

The odds ratio, increasing x1 by 1 and holding x2, x3, ..., xk fixed at any

values is:

OR =
eβ0+β1(c+1)+β2x2+...+βkxk

eβ0+β1c+β2x2+...+βkxk
= eβ1

As a result, eβ1 is the increase in odds of disease obtained by increasing x1

by 1 unit, holding x2, x3, ..., xk fixed. x1 needs to be binary or continuous, and

none of the remaining effects x2, x3, ..., xk can be a product effect.315

Consequently, for fixed values of age, race, BMI, kidney, smoke, and diabetes,

the odds of having hypertension are approximately 0.9 times higher for female

individuals than for the base category male (Table 5). The odds for individuals

with age between 71 and 80 years old are 3.4 times higher than the base range

20 to 30 years old. Individuals who identified as non-Hispanic black have 1.4320

times higher odds of having hypertension than the rest of race categories. The

model also confirms that individuals with obesity have 1.14 times higher odds of

having hypertension than individuals with BMI <30. Individuals with diabetes

and borderline diabetes have 1.05 and 1.07 times higher odds, respectively, of

hypertension compared to those individuals with no diabetes. Based on the325

odds ratio of individuals that smoke, this independent variable does not affect

odds of the outcome.

5. Discussion and Limitations

We have used in our research a set of seven independent variables that were

also used across various models we have studied, but not all these variables were330

included at the same time in either of these models. Six of these variables are

included in the Healthy People 2020 Initiative of the Office of Disease Prevention

of the U.S. We identified that for our model some independent variables had
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Table 5: Coefficients and Odds Ratio

high range values and it was necessary to transform three of these variables into

categories and these categories to values between 0 and 1. To our knowledge,335

this is the first study that uses these risk factors and its categories to evaluate

with logistic regression the relationship and behavior between these risk factors

and their incidence on the development of hypertension. As shown in Table 6,

we reviewed previous studies of risk models to predict hypertension (Echouffo-

Tcheugui et al., 2013) and other literature reviews. The number of people in340

these studies ranged from 637 to 11,407, with the age of participants ranging

from less than 25 to 69 years or more and several of them only including a single

gender. Age, sex, and smoking are present in almost all of them. For our model,

gender was not statistically significant. However, we included it based on its

clinical importance for our study. Our model showed the best AUC value 0.73345
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(95% CI[0.70 - 0.76]) for diagnostic accuracy, indicating fair agreement with the

final diagnosis. We compared our model and other logistic regression models

with the AUC for prediction of hypertension of the Framingham risk equation

(Parikh et al., 2008) which is 0.78 (95% CI[0.75 - 0.81]) for diagnostic accuracy.

The Framingham risk score is one of the risk models used for the prediction of350

cardiovascular risk. The logistic regression model of Elizabeth Held(Held et al.,

2015) included age, sex, smoke,age*sex, pedigree and a genesingle nucleotide

polymorphism and generated an AUC of 0.77. This model used a prospective

cohort of 637 individuals and presented better true positive rate and better

true negative rate than our model. Mevlüt Türe(Ture et al., 2005) developed a355

logistic regression model that excluded age, sex, and smoking and it calculated

an AUC of 0.79. Zi-Hui Tang(Tang et al., 2013) developed a model which

include waist circumference, fasting plasma glucose and systolic and diastolic

blood pressure measurements in addition to the typical variables with an AUC

of 0.75. The Swedish risk model(Fava et al., 2013) implemented by Cristiano360

Fava with an AUC of 0.66, the American Heart Association/American College

of Cardiology AHA/ACC(Goff et al., 2014) model with an AUC of 0.72 (95%

CI[0.70 - 0.74]) and the model implemented by Nina P.Paynter(Paynter et al.,

2009) with AUC of 0.7. All the models studied models indicated fair agreement

with the final diagnosis for AUC values between 0.7-0.8. Our model has similar365

predictive accuracy. Models for predicting hypertension have potential public

health and clinical applications in the prevention of hypertension, but more work

is needed to develop other models incorporating more statistically significant

variables and to perform additional exploration with different balanced datasets.

Several limitations of our study deserve comment. By the time we finished370

the study, the American Heart Association, the American College of Cardiology

and nine other groups redefined high blood pressure as a reading of 130 over 80,

down from 140 over 90. The change, the first in 14 years, means that 46 percent

of U.S. adults, many of them under the age of 45, now will be considered hyper-

tensive. Under the previous guideline, 32 percent of U.S. adults had high blood375

pressure(Whelton et al., 2017). We selected the independent variables based
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Table 6: Logistic Models Comparison

on experimental and clinical data that shows the ability of these risk factors

to provide insights for predicting hypertension, but we did not include other

important factors as family history, diet habits, alcohol intake, stress and other

chronic conditions that can increase the risk of hypertension. The sampling race380

of our study was predominately white and non-hypertensive. Thus, our study

may not be generalizable to other races. It is also known that an increase in

the number of independent variables, increase the complexity of the model and

this can cause over-fitting producing not expected results, we addressed this

problem by pre-training the model to select the best hyper-parameters and reg-385

ularization methods. We didn’t use ensemble learning to construct a balanced

dataset for our model to enhance prediction performance, but this option should

be explored in future research.

6. Conclusions and Future work

This research has shown machine-learning classification algorithms have a390

lot of potential in helping to predict, evaluate and detect cardiovascular disease
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cases, increasing the number of patients detected that could benefit from the

healthy people initiative 2020 of the government of the United States. In this

case, our model is an explanatory model that allow a better understanding of

these risk factors and how they are associated with the dependent variable. The395

use of non-intrusive risk factors allows creating programs to identify individuals

at high risk for hypertension to direct them for treatment. There are other ma-

chine learning models based on SVMs, K-NN, decision trees and neural networks

with high classification accuracies but we have chosen logistic regression for this

research because of the easy interpretation of the results for clinical purposes.400

Another conclusion that emerges from this research was that removing gender,

race and smoke factors from the data do not affect the accuracy either the AUC

of the model. This logistic regression model needs to be trained and tested in a

large and heterogeneous primary care patient population. Regardless the model

showed the best AUC value 0.73 (95% CI[0.70 - 0.76]) indicating fair agreement405

with the final diagnosis, more work will continue on this model to improve the

diagnosis accuracy.

Based on the present research we can use other algorithms to classify and

predict hypertension with higher accuracy. Future research will use and com-

pare different classification methods like k-nearest neighbors (kNN), Support410

vector machines (SVM), Decision tree classifier and Random forest to evalu-

ate the association of several risk factors with hypertension. Future research

also will incorporate more risk factors like Weight, Standing Height, Waist

Circumference, Albumin creatinine ratio, Glycohemoglobin, Total Cholesterol,

HDL-Cholesterol, Triglycerides and Potassium levels. The future model should415

include a dependent variable with more than two levels, in this case for hy-

pertension, the levels will be calculated based on systolic and diastolic blood

pressure. The levels will be normal, Prehypertension, Hypertension Stage 1,

Hypertension Stage 2 and Hypertensive Crisis.
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